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Antimicrobial molecules , their synthesis and use as antimi 
crobial treatments are described . The antimicrobial com 
pounds are teixobactin analogues . Methods of synthesizing 
antimicrobial teixobactin analogues are also provided . Anti 
biotic therapeutics comprising antimicrobial teixobactin 
analogues are provided , along with methods of and formu 
lations for treating microbial infections using such antimi 
crobial teixobactin analogues . Prodrugs formed using esteri 
fied forms of antimicrobial teixobactin analogues may also 
be provided . 
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FIG . 3 
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Table 3 . MIC of Teixobactin Homologues in ug / mL 
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ANTIMICROBIAL COMPOSITIONS [ 0005 ] Many embodiments are directed to antimicrobial 
compound including : 

[ 0006 ] a teixobactin homologue as set forth by : STATEMENT OF FEDERAL FUNDING 

[ 0001 ] This invention was made with Government support 
under Grant No . 1R21A1121548 - 01 , awarded by the 
National Institutes of Health . The Government has certain 
rights in the invention . 

FIELD OF THE INVENTION . . . 10 

À LA NH 

[ 0002 ] The present invention is directed to antimicrobial 
molecules , methods of synthesis and methods of treatment ; 
and more particularly to antibiotics with activity against 
Gram - positive bacteria . 

HN G 

BACKGROUND OF THE INVENTION 

[ 0003 ] Antimicrobial agents , including antibiotics , may 
either kill or inhibit the growth of bacteria . Often , the agents 
are used as antibiotics for the treatment or prevention of 
bacterial infections of hosts . A major complication in the 
medical and health field is antimicrobial resistance by patho 
genic bacteria . The paucity of novel antimicrobial com 
pounds exacerbates this problem , as health professional 
continue to rely on classical antibiotics . However , a research 
group recently discovered an antimicrobial agent , termed 
teixobactin ( FIG . 1 ) , that is not only very effective against 
Gram - positive bacteria , but also promises to avoid the 
development of resistance in bacteria ( L . L . Ling , T . Schnei 
der , A . J . Peoples , A . L . Spoering , I . Engels , B . P . Conlon , 
A . Mueller , T . F . Schaberle , D . E . Hughes , S . Epstein , M . 
Jones , L . Lazarides , V . A . Steadman , D . R . Cohen , C . R . 
Felix , K . A . Fetterman , W . P . Millett , A . G . Nitti , A . M . 
Zullo , C . Chen and K . Lewis , Nature , 2015 , 517 , 455 - 459 , 
the disclosure of which is incorporated herein by reference . ) . 
Specifically , teixobactin ' s antibacterial potency is believed 
to stem from its ability to inhibit cell wall synthesis in 
Gram - positive bacteria by binding to a highly conserved 
motif of lipid II ( precursor of peptidoglycan ) and lipid III 
( precursor of cell wall teichoic acid ) . Such mode of action 
is very promising for curbing bacterial drug resistance 
because peptidoglycans are much less prone to mutations 
than regular proteins . In addition , Gram - positive bacteria , 
which include MRSA and mycobacterium tuberculosis , are 
especially sensitive to such mechanisms ( also used by 
antibiotic vancomycin ) because they are characterized by a 
thick peptidoglycan layer in the cell wall , access to which is 
facilitated by , also characteristic , absence of an outer mem 
brane . 

[ 0007 ] wherein position 10 is comprised of a natural or 
unnatural amino acid comprising a functionality 
selected from the group consisting of : guanidinium , 
imidazoles , amines , alcohols , other hydrogen bonding 
capable groups , hydrogen , hydrophilic or hydrophobic 
groups , and any derivatives or analogues thereof ; 

[ 0008 ] wherein position 1 is comprised of at least one of 
the following species selected from the group consist 
ing of : a sequence of at least one natural or unnatural 
amino acid containing at least one hydrophobic side 
chain , and a hydrocarbon ; 

[ 0009 ] wherein the peptide ring has a stereochemistry 
that is configured such that the amide groups are 
aligned in a first direction , and such that the carbonyl 
groups of the peptide ring are aligned in a second 
direction opposite that of the first direction , and 
wherein the linkage X between position 8 and 11 is one 
of either an ester or an amide ; 

[ 0010 ] wherein positions 6 and 11 are comprised of 
either the same or different natural or unnatural amino 
acids , said amino acids each having a hydrophobic side 
chain ; 

[ 0011 ] wherein position 9 is comprised of any natural or 
unnatural amino acid ; and 

[ 0012 ] wherein position 7 is comprised of serine or 
another natural or unnatural amino acids , said amino 
acid having a side chain hydroxyl group . 

[ 0013 ] In other embodiments the position 10 amino acid is 
selected from the group of : allo - enduracididine , arginine , 
lysine , ornithine , 2 , 3 - diaminopropionic acid , and histidine . 
[ 0014 ] In still other embodiments the teixobactin homo 
logue is selected from the group of : Lys 10 - teixobactin , 
Dap?o - teixobactin , and Orno - teixobactin . 
0015 . In yet other embodiments position 1 is selected 
from the group of : N - Me - D - Phe , - Ilez - Serz - D - Gln - D - allo 
Iles , N - Me - D - Phe , - Ilez - Alaz - D - Gln - D - allo - Iles , N - Me - D 
Phe , - Ilez - Serz - D - Ala - D - allo - Iles , N - Me - D - Phe , - Ilez - Serz 
D - Gln4 - D - Alas , N - Propyl - D - Phe , - Ilez - Serz - D - Gln4 - D - allo 
Iles , N - Me - D - Phe , - Ala - Serz - D - Gln4 - D - allo - Iles , A1 - 4 - Iles , 
N - Me - D - Ala , - Ilez - Serz - D - Gln - D - allo - Iles , L - 5F - Phe , 
Ilez - Serz - D - Gln4 - D - allo - lles , L - Phe , - Ilez - Serz - D - Gln4 - D 

SUMMARY OF THE INVENTION 

[ 0004 ] Embodiments of the invention are directed to anti 
microbial compounds formed from teixobactin homologues 
and methods of their administration . 
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allo - Iles , 6 to 20 carbon long linear , cyclic , or branched 
alkyl , dodecanoyl , n - C16H31 - noyl , and a PEG - derived 
group . 
[ 0016 ] In still yet other embodiments the teixobactin 
homologue is one of : Alaz , Lys1o - teixobactin , 41 - 5 - C12H23 
Arg10 - teixobactin , 41 - 6 - C12H23 - Arg1o - teixobactin , 11 - 5 
C16H31 - Arg1o - teixobactin , 11 - 5 - C12H23 - Lys , , Arg10 , 
D - Ala4 , Lys10 - teixobactin , D - Alas , Lys 10 - teixobactin , N - Pro 
pyl - Phe , , Lys10 - teixobactin , N - Me - D - Ala Lys 10 - teixobac 
tin , L - 5F - Phe Lysio - teixobactin , L - Phe , Lyso - teixobactin , 
41 - 7 - Arg1o - teixobactin , ent - Arg1o - teixobactin , D - Dapg , 
Arg1o - teixobactin D - Daps , Lys1o - teixobactin , and , D - allo 
Ile 1 , Arg 10 - teixobactin . 
[ 0017 ] In still yet other embodiments one or both of 
positions 6 and 11 are selected from the group of : isoleucine 
and cyclohexylglycine . 
[ 0018 ] In still yet other embodiments the compound is one 
of : Chg , Argo , Chg - teixobactin , Lys 0 , Phe , , - teixobactin , 
Ly $ 10 , Val?1 - teixobactin , Lys10 , Leu 1 - teixobactin . 
[ 0019 ] In still yet other embodiments position 9 is selected 
from the group consisting of : alanine , an amino acid func 
tionalized with a polyethylene glycol ( PEG ) derivative , 
Gln ( PEG OMe ) , Lys ( Mca ) , , Lys o , an amino acid function 
alized with biotin , an amino acid functionalized with a PEG 
derivative and biotin , Glu ( PEG - Biotinyl ) . 
[ 0020 ] In still yet other embodiments the compound is one 
of : Lys , , Lys10 - teixobactin , Lys , , Arg1o - teixobactin , Lys 
( Mca ) , , Lysio - teixobactin , Glu ( PEG - Biotinyl ) , , Lys 10 - teixo 
bactin , Lys , , Lys10 , Lys11 - teixobactin , Ile , , Arg1o - teixobactin . 
[ 0021 ] In still yet other embodiments the hydrophobic 
compound at position 1 is a hydrocarbon . 
[ 0022 ] Many other embodiments are directed to a biologi 
cal probe including : a teixobactin homologue as set forth by : 

aligned in a first direction , and such that the carbonyl 
groups of the peptide ring are aligned in a second 
direction opposite that of the first direction , and 
wherein the linkage X between position 8 and 11 is one 
of either an ester or an amide ; 

[ 0026 ] wherein positions 6 and 11 are comprised of 
either the same or different natural or unnatural amino 
acids , said amino acids each having a hydrophobic side 
chain ; 

[ 0027 ] wherein position 9 is comprised of any natural or 
unnatural amino acid having a biological marker 
attached thereto ; and 

[ 0028 ] wherein position 7 is comprised of serine or 
another natural or unnatural amino acids , said amino 
acid having a side chain hydroxyl group . 

[ 0029 ] Still many other embodiments are directed to a 
prodrug including : a teixobactin homologue as set forth by : 

NH 

HN 

IIIII 

\ H 
NH 

HN 

[ 0030 ] wherein position 10 is comprised of a natural or 
unnatural amino acid comprising a functionality 
selected from the group consisting of : guanidinium , 
imidazoles , amines , alcohols , other hydrogen bonding 
capable groups , hydrogen , hydrophilic or hydrophobic 
groups , and any derivatives or analogues thereof ; 

[ 0031 ] wherein position 1 is comprised of at least one of 
the following species selected from the group consist 
ing of a sequence of at least one natural or unnatural 
amino acid comprising at least one hydrophobic side 
chain , a hydrocarbon ; 

[ 0032 ] wherein the peptide ring has a stereochemistry 
that is configured such that the amide groups are 
aligned in a first direction , and such that the carbonyl 
groups of the peptide ring are aligned in a second 
direction opposite that of the first direction , and 
wherein the linkage X between position 8 and 11 is one 
of either an ester or an amide ; 

[ 0033 ] wherein positions 6 and 11 are comprised of 
either the same or different natural or unnatural amino 
acids , said amino acids each having a hydrophobic side 
chain ; 

[ 0034 ] wherein position 9 is comprised of any natural or 
unnatural amino acid ; and 

[ 0035 ] wherein position 7 is comprised of an esterified 
serine or another natural or unnatural amino acids , said 
amino acid having a side chain hydroxyl group , having 
a solubilizing functionality attached thereto . 

[ 0023 ] wherein position 10 is comprised of a natural or 
unnatural amino acid comprising a functionality 
selected from the group consisting of : guanidinium , 
imidazoles , amines , alcohols , other hydrogen bonding 
capable groups , hydrogen , hydrophilic or hydrophobic 
groups , and any derivatives or analogues thereof ; 

[ 0024 ] wherein position 1 is comprised of at least one of 
the following species selected from the group consist 
ing of a sequence of at least one natural or unnatural 
amino acid comprising at least one hydrophobic side 
chain , a hydrocarbon ; 

10025 ] wherein the peptide ring has a stereochemistry 
that is configured such that the amide groups are 
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( 0046 ] Still yet other embodiments are directed to an 
antimicrobial medicinal compound including : 

[ 0047 ] a therapeutically effective amount of a teixobac 
tin homologue set forth by : 

[ 0036 ] In other embodiments the esterified serine is one of 
either : Ser - O - ( PEG derivative ) and Ser - O - ( amino acid ) , , 
NH3 + 
[ 0037 ] Yet other embodiments are directed to methods of 
treating a microbial infection including : 

[ 0038 ] administering a therapeutically effective amount 
of a teixobactin homologue to a patient having an 
microbial infection ; 

[ 0039 ] wherein the teixobactin homologue is set forth 
by : 

ONH N 

illo HN " 

1 

HN 

ONH 

HN 16 

[ 0040 ] wherein position 10 is comprised of a natural or 
unnatural amino acid comprising a functionality 
selected from the group consisting of : guanidinium , 
imidazoles , amines , alcohols , other hydrogen bonding 
capable groups , hydrogen , hydrophilic or hydrophobic 
groups , and any derivatives or analogues thereof ; 

[ 0041 ] wherein position 1 is comprised of at least one of 
the following species selected from the group consist 
ing of a sequence of at least one natural or unnatural 
amino acid comprising at least one hydrophobic side 
chain , a hydrocarbon ; 

[ 0042 ] wherein the peptide ring has a stereochemistry 
that is configured such that the amide groups are 
aligned in a first direction , and such that the carbonyl 
groups of the peptide ring are aligned in a second 
direction opposite that of the first direction , and 
wherein the linkage X between position 8 and 11 is one 
of either an ester or an amide ; 

[ 0043 ] wherein positions 6 and 11 are comprised of 
either the same or different natural or unnatural amino 
acids , said amino acids each having a hydrophobic side 
chain ; 

[ 0044 ] wherein position 9 is comprised of any natural or 
unnatural amino acid ; and 

[ 0045 ] wherein position 7 is comprised of serine or 
another natural or unnatural amino acids , said amino 
acid having a side chain hydroxyl group . 

[ 0048 ] wherein position 10 is comprised of a natural or 
unnatural amino acid comprising a functionality 
selected from the group consisting of : guanidinium , 
imidazoles , amines , alcohols , other hydrogen bonding 
capable groups , hydrogen , hydrophilic or hydrophobic 
groups , and any derivatives or analogues thereof ; 

( 0049 ) wherein position 1 is comprised of at least one of 
the following species selected from the group consist 
ing of a sequence of at least one natural or unnatural 
amino acid comprising at least one hydrophobic side 
chain , a hydrocarbon ; 

[ 0050 ] wherein the peptide ring has a stereochemistry 
that is configured such that the amide groups are 
aligned in a first direction , and such that the carbonyl 
groups of the peptide ring are aligned in a second 
direction opposite that of the first direction , and 
wherein the linkage X between position 8 and 11 is one 
of either an ester or an amide ; 

[ 0051 ] wherein positions 6 and 11 are comprised of 
either the same or different natural or unnatural amino 
acids , said amino acids each having a hydrophobic side 
chain ; 

[ 0052 ] wherein position 9 is comprised of any natural or 
unnatural amino acid ; and 

[ 0053 ] wherein position 7 is comprised of serine or 
another natural or unnatural amino acids , said amino 
acid having a side chain hydroxyl group . 

[ 0054 ] Additional embodiments and features are set forth 
in part in the description that follows , and in part will 
become apparent to those skilled in the art upon examination 
of the specification or may be learned by the practice of the 
disclosed subject matter . A further understanding of the 
nature and advantages of the present disclosure may be 
realized by reference to the remaining portions of the 
specification and the drawings , which forms a part of this 
disclosure . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0055 ] These and other features and advantages of the 
present invention will be better understood by reference to 
the following detailed description when considered in con 
junction with the accompanying data and figures , wherein : 
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[ 0078 ] FIG . 22 is a chemical structure drawing of Lys 
( Mca ) , , Lys10 - teixobactin in accordance with embodiments 
of the application . 
[ 0079 ] FIG . 23 is a chemical structure drawing of Glu 
( PEG - Biotinyl ) , , Lys10 - teixobactin in accordance with 
embodiments of the application . 
[ 0080 ] FIG . 24 is a chemical structure drawing of Alag , 
Arg . o - teixobactin in accordance with embodiments of the 
application . 
10081 ] FIG . 25 is flow chart schematic of Arg1o - teixobac 
tin synthesis , in accordance with embodiments of the appli 

[ 0056 ] FIG . 1 is a chemical structure drawing of teixo - 
bactin in accordance with the prior art . 
10057 ] FIG . 2 is a schematic depiction of teixobactin and 
its chemical and structural features in accordance with 
embodiments of the application . 
[ 0058 ] FIG . 3 is a schematic of the mechanism of inter 
action between lipobactin and Gram - positive bacteria , in 
accordance with embodiments of the application . 
[ 0059 ] FIG . 4A is a schematic depiction of teixobactin and 
its chemical and structural features in accordance with 
embodiments of the application . 
[ 0060 ] FIG . 4B is an illustrative schematic depiction of 
teixobactin and its chemical and structural features in accor 
dance with embodiments of the application . 
[ 0061 ] FIGS . 5A , 5B , and 5C are tables of MIC of 
teixobactin homologues in accordance with embodiments of 
the application . 
[ 0062 ] FIG . 6 is a chemical structure drawing of Arg 10 
teixobactin in accordance with the prior art . 
[ 0063 ] FIG . 7 is a chemical structure drawing of Lys 10 
teixobactin in accordance with embodiments of the appli 
cation . 
[ 0064 ] FIG . 8 a chemical structure drawing of Orn1o 
teixobactin in accordance with embodiments of the appli 
cation . 
100651 FIG . 9 is a chemical structure drawing of lipobactin 
1 in accordance with embodiments of the application . 
[ 0066 ] FIG . 10 is a chemical structure drawing of short 
Arg1o - teixobactin in accordance with embodiments of the 
application . 
[ 0067 ] FIG . 11 is a chemical structure drawing of AC - A1 
5 - Arg1o - teixobactin in accordance with embodiments of the 
application . 
[ 0068 ] FIGS . 12A to 12C provide the crystal structure of 
Ac - A - - - Arg1o - teixobactin in accordance with embodiments 
of the application . 
[ 0069 ] FIG . 13 is a chemical structure drawing of L - Thrg , 
Arg 10 - teixobactin in accordance with embodiments of the 
application . 
[ 0070 ] FIG . 14 is a chemical structure drawing of D - allo 
Ile , Argo - teixobactin in accordance with embodiments of 
the application . 
[ 0071 ] FIG . 15 is a chemical structure drawing of seco 
Arg 10 - teixobactin in accordance with embodiments of the 
application . 
10072 ] FIG . 16 is a chemical structure drawing of ent 
Argio - teixobactin in accordance with embodiments of the 
application . 
10073 ] FIG . 17 is a chemical structure drawing of D - Dapg , 
Arg 10 - teixobactin in accordance with embodiments of the 
application . 
[ 0074 ] FIG . 18 is a chemical structure drawing of Lys6 , 
Arg1o - teixobactin in accordance with embodiments of the 
application . 
[ 0075 ] FIG . 19 is a chemical structure drawing of Lys6 , 
Argo - teixobactin in accordance with embodiments of the 
application . 
[ 0076 ] FIG . 20 is a chemical structure drawing of Arg10 , 
Lys11 - teixobactin in accordance with embodiments of the 
application . 
[ 0077 ] FIG . 21 is a chemical structure drawing of Chgo , 
Arg 10 , Chgu - teixobactin in accordance with embodiments 
of the application . 

DETAILED DISCLOSURE 
[ 0082 ] The embodiments of the invention described herein 
are not intended to be exhaustive or to limit the invention to 
precise forms disclosed . Rather , the embodiments selected 
for description have been chosen to enable one skilled in the 
art to practice the invention . 
[ 0083 ] Turning now to the diagrams and figures , antimi 
crobial molecules , their synthesis and use as antimicrobial 
treatments are described . In some embodiments , the antimi 
crobial compounds are teixobactin analogues . Other 
embodiments are directed to methods of synthesizing anti 
microbial teixobactin analogues . In some other embodi 
ments , antibiotic therapeutics comprising antimicrobial 
teixobactin analogues are provided , along with methods of 
and formulations for treating microbial infections using such 
antimicrobial teixobactin analogues . In various other 
embodiments , prodrugs formed using esterified forms of 
antimicrobial teixobactin analogues may be provided . 
10084 ] In many embodiments , the teixobactin analogues 
are undecapeptides of eleven natural and / or unnatural amino 
acids of variable stereochemistry ( the amino acids are 
labelled herein numerically as residues or positions 1 
through 11 ) , as shown in FIG . 2 . 
[ 0085 ] In some embodiments , the N - terminal amino acids 
of the undecapeptide teixobactin analogues ( e . g . , positions 
1 - 5 in FIG . 2 , although the number and type of N - terminal 
amino acids may vary ) are replaced with a hydrophobic 
group . In other embodiments , the hydrophobic group is a 
hydrocarbon . In other embodiments , the hydrocarbon is a 6 
to 20 carbon long linear alkyl chain . In some other embodi 
ments the alkyl group is cyclic or branched . In yet other 
embodiments , the hydrocarbon is a dodecanoyl group . In yet 
other embodiments , the N - terminal amino acids are replaced 
with a lipid compatible solubilizing group . In still other 
embodiments , the solubilizing group is a polyethylene gly 
col ( PEG ) derivative . In still yet other embodiments , the 
PEG derivative is Me ( OCH2CH2 ) 2C0 — . In still yet other 
embodiments , the PEG functionality is Me ( OCH2CH2 ) 
4C0 — . In some other embodiments , the N - terminus of the 
teixobactin analogues interacts with the phospholipid mem 
brane of Gram - positive bacteria . 
10086 ) In many embodiments the residues at positions 6 
and 9 of the teixobactin analogues are configured to have a 
hydrophobic nature . In many other embodiments , the resi 
dues at positions 6 and 11 are either the same or different 
natural or unnatural amino acids with hydrophobic side 
chains . In some of the embodiments , the amino acids at 
positions 6 and 11 may be isoleucine and / or cyclohexylgly 
cine . 
0087 ] In many embodiments the serine residue at position 

7 is preserved in the teixobactin analogues . In some embodi 
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precise forms disclosed . Rather , the embodiments selected 
for description have been chosen to enable one skilled in the 
art to practice the invention . 

ments the residue at position 7 is replaced with a natural or 
unnatural amino acid with a hydrogen bond capable side 
chain . In yet some other embodiments the serine or any 
similar natural or unnatural amino acid at position 7 is 
esterified with a temporary , properties enhancing function 
ality . In some embodiments the properties enhancing func 
tionality is a solubilizing PEG derivative group . In some 
embodiments the residue used for temporary esterification is 
serine residue 3 , if available . In many embodiments the ester 
bond at residue 7 or 3 is broken in the patient ' s blood stream , 
with the full reinstitution of the pre - esterification antimicro 
bially active compound . 
[ 0088 ] In many embodiments the alanine residue at posi 
tion 9 is altered to introduce a properties enhancing func 
tionality or group . In some embodiments the residue at 
position 9 is functionalized with a solubilizing group . In 
some other embodiments the solubilizing group is water 
solubilizing PEG derivative group . In yet other embodi 
ments the residue 9 is mutated to Gln - ( PEG OMe ) , the 
derivative of Glu in which the side chain has been coupled 
to H NCH , CH , ( OCH , CH , ) OMe . In still other embodi 
ments position 9 residue is functionalized with a traceable 
label to enable mechanistic or other studies of teixobactin 
and its analogues . In still yet other embodiments position 9 
residue is functionalized with biotin or coumarin . In still yet 
other embodiments the teixobactin analogues with a position 
9 mutation are Lys ( Mca ) , , Lysio - teixobactin and Glu ( PEG 
Biotinyl ) , , Lysio - teixobactin . 
[ 0089 ] In some embodiments , the side chain of position 10 
residue interacts with the extracellular peptidoglycan of 
Gram - positive bacteria . In other specific embodiments , an 
amine group of the side chain of the amino acid at position 
10 may interact with an anionic pyrophosphate group of the 
bacterial peptidoglycan . In many embodiments , the residue 
at position 10 has a guanidinium group or its cyclic ana 
logue . In some of the embodiments , residue 10 may include 
allo - enduracididine , arginine , lysine , ornithine , 2 , 3 - di 
aminopropionic acid , or histidine . In alternative embodi 
ments residue 10 may confer solubility by the use of a 
PEGylated lipid . 
[ 0090 ] In many embodiments , the residues 8 - 11 form a 
depsipeptide ring . In some embodiments the 8 - 11 residue 
macrocycle has amide ( peptide ) connections only . In some 
other embodiments , the peptide backbone amides of the ring 
formed by residues 8 - 11 may interact with an anionic 
pyrophosphate group of the bacterial peptidoglycan . 
[ 0091 ] In some embodiments , the teixobactin analogue is 
lipobactin . In other embodiments , the teixobactin analogue 
is selected from the group of : Lys10 - teixobactin , D - allo 
Ile11 , Arg1o - teixobactin , Arg1o - teixobactin , ent - Arg1o - teixo 
bactin , D - Dapg , Arg1o - teixobactin , Lys , , Lys1o - teixobactin , 
and Dap1o - teixobactin 
[ 0092 ] Many other embodiments are directed to adminis 
tering embodiments of teixobactin analogues to hosts that 
may have a pathogenic bacterial infection . Even other 
embodiments are directed to medicinal formulations formed 
using a teixobactin analogue . Some such formulations may 
include conjoining teixobactin analogues with an excipient . 
In even some other embodiments , the teixobactin analogues 
are stored or administered in a suitable buffer . 
[ 0093 ] The embodiments of the invention described herein 
are not intended to be exhaustive or to limit the invention to 

Structure and Function of Teixobactin 
[ 0094 ] The antibiotic teixobactin , first reported in 2015 , is 
a nonribosomal undecapeptide containing a macrocyclic 
depsipeptide group ( FIG . 1 ) . As such , it contains four 
D - amino acids and seven L - amino acids , wherein the C - ter 
minal ’ s Ile 1 is cyclized onto the side chain of D - Thrg to 
form a 13 - membered lactone . In addition , residue 10 of 
teixobactin is a rare nonproteinogenic amino acid , L - allo 
enduracididine ( allo - End , o ) , which is a cyclic analogue of 
arginine . It has been postulated that , similar to the action 
mechanism of known antibiotic vancomycin , teixobactin ' s 
efficacy stems from its ability to inhibit cell wall formation 
in Gram - positive bacteria by binding to the wall ’ s lipid II 
( via prenyl - pyrophosphate - GlcNAc region ) and related pep 
tidoglycan precursors ( FIG . 3 ) . Therefore , since these bind 
ing targets are highly conserved in bacteria and cannot easily 
mutate to impart drug resistance , teixobactin - based antibi 
otics offer great promise to the efforts directed against rising 
resistance in pathogens such as methicillin - resistant Staphy 
lococcus aureus ( MRSA ) . 
[ 0095 ] Several distinct chemical and structural features of 
teixobactin , while potentially imparting antibacterial effec 
tiveness , also make this peptide extremely difficult and 
expensive to produce , especially to scale . Therefore , the 
ongoing efforts towards both the efficient synthetic routes 
for production of teixobactin and elucidation of its pharma 
cophore with the intent to obtain equally or even more potent 
yet easy to synthesize homologues are quite extensive . To 
date , such efforts have produced several reports of the total 
syntheses of teixobactin ( see , e . g . , K . Jin , L . H . Sam , K . H . 
Laam Po , D . Lin , E . H . Ghazvini Zadeh , S . Chen , Y . Yuan 
and X . Li , Nat . Commun . , 2016 , 7 , 12394 ; and A . M . 
Giltrap , L . J . Dowman , G . Nagalingam , J . L . Ochoa , R . G . 
Linington , W . J . Britton and R . J . Payne , Org . Lett . , 2016 , 
18 , 2788 ; the disclosures of which are incorporated herein 
by reference ) , as well as a report describing the synthesis of 
the teixobactin ' s cyclic depsipeptide ring . ( See , e . g , S . 
Dhara , V . B . Gunjal , K . L . Handore and D . S . Reddy , Eur . J . 
Org . Chem . , 2016 , 4289 , the disclosures of which is incor 
porated herein by reference . ) In addition , a 10 - step synthesis 
of allo - enduracididine component of teixobactin suitable for 
preparing gram - quantities has also been reported . ( See . e . g . , 
W . Craig , J . Chen , D . Richardson , R . Thorpe and Y . Yuan , 
Org . Lett . , 2015 , 17 , 4620 , the disclosures of which is 
incorporated herein by reference . ) However , the exact roles 
the various chemical and structural functionalities play in 
the teixobactin ' s antimicrobial efficacy remain to be estab 
lished . 
[ 0096 ] Based on the available information concerning the 
teixobactin analogues , the following structural binding 
between teixobactin and the Lipid II of Gram - positive 
bacteria is proposed in accordance with embodiments . As 
shown in FIG . 3 , teixobactin or its active analogue ( 301 ) 
interacts with both the phospholipid membrane ( 303 ) and 
the extracellular peptidoglycan molecules ( 305 ) . Specifi 
cally , the hydrophobic N - terminal region ( 307 ) of the anti 
biotic compound ( e . g . dodecanoyl group ) interacts with the 
hydrophobic phospholipid membrane ( 303 ) . In addition , the 
macrocyclic peptide backbone amides ( 315 ) may interact 
with the pyrophosphate groups of peptidoglycans ( 313 ) via 
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hydrogen bonding . Furthermore , the side chain of residue 10 
( 309 ) may also beneficially interact with bacterial cell wall 
peptidoglycans , including via peptidoglycan pyrophosphate 
groups ( 313 ) . 

Antimicrobial Teixobactin Analogues 
[ 0097 ] Accordingly , many embodiments of the invention 
are directed to teixobactin analogues having antibacterial 
properties and methods of manufacture thereof . Specifically , 
embodiments are directed to analogues of teixobactin having 
specific substitutions that have equivalent or stronger anti 
microbial efficacy , but that are more chemically accessible . 
In many embodiments ( as highlighted in FIG . 4A repro 
duced below ) , these features include : 

[ 0098 ] the presence of a 13 - membered peptide ring , its 
composition ( particularly at positions 9 , 10 , and 11 ) , 
and its stereochemistry ; 

[ 0099 ] the presence of a hydrogen bond capable serine 
moiety at position 7 ; 

[ 0100 ] the presence of a hydrophobic functionality at 
positions 6 and 11 ; 

[ 0101 ] the presence of a hydrophobic tail composed of 
residues 1 - 5 . 

[ 0102 ] Accordingly , an antibacterial compound based on 
teixobactin ( FIG . 1 ) in accordance with embodiments of the 
invention may comprise the molecule as illustrated in the 
molecular schematic : 

carbonyl groups point , and where the macrocycle ' s 
linkage between restudies 8 and 11 is either an ester or 
an amide ; 

[ 0106 ] where H6 and H11 are either same or different 
natural or unnatural amino acids with a hydrophobic 
side chain , including isoleucine ( Ile ) and cyclohexyl 
glycine ( Chg ) ; 

[ 0107 ] where A9 is any natural or unnatural amino acid 
with any suitable side chain , including alanine ; poly 
ethylene glycol ( PEG ) derivatives , such as PEG - con 
taining amino acid , such as Gln ( PEG OMe ) , the 
derivative of Glu in which the side chain has been 
coupled to H , NCH , CH , ( OCH , CH , ) OMe ; and / or bio 
tin and other biological labels / markers ; and 

[ 0108 ] where residue 7 is serine or any similar natural 
or unnatural amino acid with a hydrogen bond capable 
side chain functionality , and where residue 7 can be 
esterified with PEGs or the like to impart solubility to 
the peptide in a pro - drug fashion to convert in blood 
stream once in the body . 

101091 . FIG . 4B summarizes the key features of teixobactin 
to be considered in the design of new chemically accessible 
compounds with similar or enhanced antibacterial efficacy 
according to embodiments . Specifically , these features 
include a 13 - membered peptide ring in which the amide and 
ester groups of residues 8 - 11 align , such that to allow the 
creation of an anion binding cavity . In addition , the hydro 
phobic side chains at positions 6 and 11 are required for 
activity , whereas that at position 9 is not , which invites 
modifications at position 9 as needed to enhance com 
pounds ' properties . In addition , the hydrogen bond capable 
Ser , is also important for activity and the teixobactin phar 
macophore tolerates the amide substitution of lactone oxy 
gen in the ring . In accordance with these specifications , a 
variety of different teixobactin analogues have been pro 
posed for use in a variety of applications , including , for 
example , antimicrobial therapeutic formulations , biolabel 
ing applications and prodrugs . 

H11 
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[ 0103 ] where A10 in many embodiments may be a 
natural or unnatural amino acid selected from arginine , 
lysine , ornithine , 2 , 3 - diaminopropionic acid , or histi 
dine , or an amino acids with one of the following : a side 
chain capable of hydrogen bonding , a hydrogen , hydro 
phobic or hydrophilic side chains , or PEG derivative ; 

[ 0104 ] where the hydrophobic tail comprises residues 
1 - 5 comprising any number of natural or unnatural 
amino acids with hydrophobic side chains , or any other 
hydrophobic functionality chosen from hydrocarbons , 
including 6 to 20 carbon long alkyls , or other hydro 
carbons of any length or structure , including dode 
canoyl , or PEG ; 

[ 0105 ] where the macrocyclic peptide consisting of 
residues 8 - 11 having a stereochemistry such that the 
ring ' s amide groups point in the same direction , which 
is the opposite of the direction in which the ring ' s 

[ 0110 ] Some embodiments of the invention are directed to 
antimicrobicals ( e . g . , antibiotics ) targeted at , for example , 
Gram - positive bacteria , and methods of treatment using 
such antimicrobials . The methods may include identifying a 
subject having , developing , or at - risk of developing Gram 
positive bacterial infection and administering a therapeuti 
cally effective amount of a teixobactin analogue ( as 
described above ) , e . g . , lipobactin . Identification of bacteri 
ally infected hosts , or hosts that are at - risk of a bacterial 
infection can be performed in a number of ways , including 
but not limited to , identification by phenotypic symptoms , 
e . g . inflammation ; identification by lab testing , e . g . bacte 
rial ; or a well - known at - risk action or behavior , e . g . surgery . 
f0111 ] In some embodiments , the teixobactin analogues 
( described above ) may be administered in a therapeutically 
effective amount as part of a course of treatment . As used in 
this context , to " treat ” means to ameliorate at least one 
symptom of a bacterial infection . A therapeutically effective 
amount can be an amount sufficient to prevent the onset of 
symptoms related to a bacterial infection or to decrease the 
severity of one or more symptoms . In some embodiments , a 
therapeutically effective amount inhibits or reduces patho 
genic bacterial growth in a host . In other embodiments , a 
therapeutically effective amount is an amount capable of 
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ments , could be used to treat bacterial infections . Examples 
of teixobactin analogues that could be used in some embodi 
ments include , but are not limited to , lipobactin , Lyso 
teixobactin , Argo - teixobactin , derivatives thereof , and 
enantiomers thereof . Likewise , in other embodiments , it will 
be understood that any form vehicle or excipient in con 
junction with teixobactin analogues could be used . 
[ 0117 ] Evaluation of these antibiotics can be undertaken 
using any suitable technique , such as for example , applica 
tion to a test sample , e . g . , a cell or living tissue or organ , for 
evaluation . In a cultured or primary tissue for example , the 
ability of the test compound to suppress bacterial infection 
may be evaluated . Methods for evaluating each teixobactin 
analogue are well - known in the art . 
[ 0118 ] Teixobactin analogues in accordance with structure 
described or exemplified by embodiment can be considered 
a candidate therapeutic . Candidate teixobactin analogues 
can be converted into an antibiotic . Furthermore , the anti 
biotics containing the teixobactin analogues may then be 
appropriately conjoined with a vehicle or excipient . The 
therapeutics can be stored in the appropriate formulation 
buffer capable of maintaining potency during shelf - life . 
Likewise , administration of the therapeutic can be per 
formed in any suitable buffer for the procedure . 

EXEMPLARY EMBODIMENTS 

killing pathogenic bacteria . In more embodiments , a thera 
peutically effective amount is an amount to reduce inflam 
mation , e . gs . lymphocyte accumulation , lymphocyte activa 
tion , or cytokine secretion . In some other embodiments , a 
therapeutically effective amount is an amount capable of 
inhibiting bacterial growth in culture . 
[ 0112 ] Dosage , toxicity and therapeutic efficacy of the 
compounds can be determined , e . g . , by standard pharma 
ceutical procedures in cell cultures or experimental animals , 
e . g . , for determining the MIC ( minimum inhibitory concen 
tration that will inhibit visible growth of an organism ) , the 
LD50 ( the dose lethal to 50 % of the population ) and the 
ED50 ( the dose therapeutically effective in 50 % of the 
population ) . The dose ratio between toxic and therapeutic 
effects is the therapeutic index and it can be expressed as the 
ratio LD50 / ED50 . Compounds that exhibit high therapeutic 
indices are preferred . While compounds that exhibit toxic 
side effects may be used , care should be taken to design a 
delivery system that targets such compounds to the site of 
affected tissue in order to minimize potential damage to 
uninfected cells and , thereby , reduce side effects . 
[ 0113 ] The data obtained from the microbial culture 
assays , tissue culture assays and animal studies can be used 
in formulating a range of dosage for use in humans or other 
hosts . The dosage of such compounds lies preferably within 
a range of circulating concentrations that include the ED50 
with little or no toxicity . The dosage may vary within this 
range depending upon the dosage form employed and the 
route of administration utilized . For any compound used in 
the method of the invention , the therapeutically effective 
dose can be estimated initially from cell culture assays . Such 
information can be used to more accurately determine useful 
doses in a host to receive antibiotics . 
101141 An " effective amount ” is an amount sufficient to 
effect beneficial or desired results . For example , a therapeu 
tic amount is one that achieves the desired therapeutic effect . 
This amount can be the same or different from a prophy 
lactically effective amount , which is an amount necessary to 
prevent onset of infection or symptoms of an infection . An 
effective amount can be administered in one or more admin 
istrations , applications or dosages . A therapeutically effec 
tive amount of a composition depends on the composition 
selected . The compositions can be administered one from 
one or more times per day to one or more times per week ; 
including once every other day . The skilled artisan will 
appreciate that certain factors may influence the dosage and 
timing required to effectively treat a subject , including but 
not limited to the severity of the disease or disorder , previous 
treatments , the general health and / or age of the subject , and 
other diseases present . Moreover , treatment of a subject with 
a therapeutically effective amount of the compositions 
described herein can include a single treatment or a series of 
treatments . 
[ 0115 ] In some embodiments , one could infer , based on 
the mode of administration , the vehicle of administration , 
the timing of administration , the type of infection and / or the 
desired result , the appropriate titer , volume , or concentration 
to administer or inject . Likewise , in many embodiments , the 
appropriate dose for a human infected host may be calcu 
lated from a clinical trial or a study in mouse , macaque , 
human or any other suitable animal . 
[ 0116 ] In such embodiments , it will be understood that any 
teixobactin analogue as described in the application , either 
based on structural components or exemplified embodi 

[ 0119 ] The following sections set forth certain selected 
embodiments related to the above disclosure . It will be 
understood that the embodiments presented in this section 
are exemplary in nature and are provided to support and 
extend the broader disclosure , these embodiments are not 
meant to confine or otherwise limit the scope of the inven 
tion . 
[ 0120 ] The antibiotic activity of Argio - teixobactin and 
homologues was investigated in minimum inhibitory con 
centration ( MIC ) assays against four types of Gram - positive 
bacteria , as well as control substances , in order to elucidate 
the importance of various functionalities within teixobactin 
analogues and guide the rational design of new antimicrobial 
compounds ( as summarized in Tables 1 , 2 and 3 ( FIGS . 5A , 
5B , and 5C respectively ) . These MIC studies used vanco 
mycin as a positive control and the Gram - negative bacte 
rium E . coli as a negative control . 

Example 1 : Teixobactin Homologues with Position 
10 Substitutions 

[ 0121 ] In many embodiments of the invention L - allo 
enduracididine at position 10 ( allo - End10 ) of teixobactin and 
its analogues is replaced with other functionalities without 
significant loss of antimicrobial activity . allo - End , , is a rare 
and commercially unavailable amino acid , which requires 
cumbersome multistep syntheses to produce . Therefore , a 
homologue in which allo - Endio is substituted with a simpler , 
less expensive moiety without significant loss of overall 
peptide function is highly desirable in making usable anti 
microbial compounds . One obvious substitution candidate is 
allo - enduracididine ' s acyclic analogue arginine , which is a 
common amino acid . Consequently , several research groups 
have reported structure - activity relationship studies of 
Argio - teixobactin ( FIG . 6 ) and related homologues in which 
arginine is used as a surrogate for allo - enduracididine . ( See , 
e . g . Y . E . Jad , et al . , Org . Lett . , 2015 , 17 , 6182 ; A . Parmar , 
et al . , Chem . Commun . , 2016 , 52 , 6060 ; H . Yang , K . H . 
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Chen and J . S . Nowick , ACS Chem . Biol . , 2016 , 11 , 1823 ; 
S . A . H . Abdel Monaim , Y , et al . , RSC Adv . , 2016 , 6 , 73827 ; 
S . A . H . Abdel Monaim , et al . , ACS Omega , 2016 , 1 , 1262 ; 
C . Wu , et al . , RSC Adv . , 2017 , 7 , 1923 ; A . Parmar , et al . , 
Chem . Commun . , 2017 , 53 , 2016 ; the disclosures of which 
are incorporated herein by reference . ) Overall , these studies 
report that Arg1o - teixobactin is about an order of magnitude 
less active against Gram - positive bacteria than teixobactin in 
minimum inhibitory concentration ( MIC ) assays . 
[ 0122 ] Tables 1 - 3 ( FIGS . 5A - C ) summarize the MIC assay 
results for some teixobactin analogues prepared according to 
the embodiments of the invention and compare them to 
native teixobactin , as well as known homologue Argio 
teixobactin . To this end , Argio - teixobactin prepared accord 
ing to the embodiments of the current invention demon - 
strates MIC values of 1 - 4 ug / mL against the four Gram 
positive bacteria studied . These values , which are consistent 
with previously reported data for Arg1o - teixobactin , indicate 
that such position 10 substitution lowers teixobactin activity 
slightly , by only about an order of magnitude . However , 
unexpectedly , Lys1o - teixobactin ( FIG . 7 ) , produced by the 
substitution of position 10 allo - End o for lysine according to 
some embodiments of this invention , yielded MIC values 
2 - 4 times lower than those reported for Arg1o - teixobactin in 
prior art . Although the MIC values presently measured for 
Lysio - teixobactin were slightly higher than those reported 
for teixobactin , they are comparable to those of vancomycin , 
which is a well - established antibiotic drug , and is believed 
to have a similar to teixobactin ' s mechanism of antimicro 
bial action ( Table 1 ) . In addition , other position 10 substi 
tuted teixobactin homologues , such as ornithine substituted 
Orno - teixobactin ( FIG . 8 ) , were tested and demonstrated 
excellent to satisfactory antimicrobial activity ( Table 3 ) . 
Together , these findings indicate that the challenging endu 
racididine group at position 10 is not necessary for teixo 
bactin ' s activity and that the proposed teixobactin homo 
logues lacking allo - enduracididine are comparably potent . 

dodecanoyl - 41 - 5 - Arg 10 - teixobactin ( or lipobactin 1 , FIG . 9 ) 
with measured activity close to that of Arg1o - teixobactin 
( Tables 1 - 3 ) . In yet another embodiment , substituting serine 
residue at position 3 for hydrophobic alanine diminished the 
activity of position 10 lysine analogue ( Alaz , Lys1o - teixo 
bactin ) only very slightly ( Table 3 ) . These findings , together , 
confirm the importance of the hydrophobicity of the N - ter 
minal tail in teixobactin and homologues and allow for the 
development of compounds , in accordance with embodi 
ments with enhanced pharmacological properties . 
10124 ] . In addition , in some embodiments of the invention 
the water - solubility of teixobactin derivatives can poten 
tially be manipulated without the loss of activity by the use 
of solubilizing functionalities that are also lipid compatible . 
In some embodiments PEG groups could be installed in 
place of the residues 1 - 5 of the hydrophobic tail , similarly to 
dodecanoyl substitution in lipobactin 1 . In some embodi 
ments of the invention such derivatives may include ( but not 
be limited to ) Me ( OCH2CH2 ) 2CO - A1 - 5 - Arg1o - teixobactin 
and Me ( OCH CH2 ) 4CO - A1 - 5 - Arg 10 - teixobactin . 

Example 2 : Residues 1 - 5 Tail of Teixobactin and 
Analogues ( the Hydrophobic Tail ) 

[ 0123 ] In some embodiments of the teixobactin analogues , 
hydrophobic residues 1 - 5 are replaced with a simple alkyl 
chain to yield dodecanoyl - 42 - 5 - Arg1o - teixobactin ( referred 
to as " lipobactin 1 ” herein , as shown in FIG . 9 ) . This 
substitution was motivated by the investigation of the roles 
of the hydrophobic residues N - Me - D - Phe , Ile , and D - allo - Ile 
at positions 1 , 2 , and 5 according to the embodiments of the 
invention . Specifically , it was postulated that these hydro 
phobic moieties , collectively , form a lipid tail ( 307 ) that 
helps anchor teixobactin to the plasma membrane ( 303 ) , 
which , in turn , is composed of phospholipids and , thus , 
enhances peptide ' s activity against the bacterial cell walls 
( as shown in FIG . 3 ) . To this end , residues 1 - 5 were , first , 
completely truncated to produce short - Arg 10 - teixobactin 
( FIG . 10 ) according to one embodiment of the invention , 
which proved to be inactive against any of the assessed 
bacterial cultures ( MIC > 32 ug / mL , Table 1 ) . In addition , an 
acetylated version of the short teixobactin analogue , AC - A1 
5 - Arg1o - teixobactin ( FIG . 11 ) , was prepared according to 
another embodiment and also proved inactive , although it 
was successfully used in the crystallization studies of teixo 
bactin homologues . On the other hand , replacing teixobac 
tin ' s residues 1 - 5 with a hydrophobic dodecanoyl group 
according to other embodiments of the invention yielded 

Example 3 : Stereochemistry and Anion Binding 
Ability of the Peptide Ring 

[ 0125 ] In many embodiments , the relative stereochemistry 
of macrolactone residues 8 - 11 is preserved in teixobactin 
analogues . This depsipeptide ring is one of the most promi 
nent features of teixobactin . As such , it is proposed that 
understanding the structure - function relations for the resi 
dues within and adjacent to the ring will shed light on the 
origin of the antibacterial properties of teixobactin and help 
design new potent antimicrobial compounds in accordance 
with embodiments . To this end , an X - ray crystallographic 
structure of AC - 41 - 5 - Argio - teixobactin ( FIG . 11 ) as a hydro 
chloride salt was obtained in accordance with the embodi 
ments of the invention and is shown in FIGS . 12A to 12C . 
101261 . One notable structural feature observed in the 
obtained crystal is the relative stereochemistry of the ring ' s 
residues affecting the alignment arrangement in which the 
carbonyl groups of D - Thrg , Ala , Argio , and Ile in the 
peptide point upward , while the amide NH groups of Alag , 
Argo , and Ile point downward ( FIG . 12B ) . In addition , the 
a - amino group of D - Thr , and the attached residues ( Ser , and 
Iles ) run downward at almost a right angle to the cyclic 
depsipeptide ring , as well as the side chain of Arg10 : 
Therefore , it appears that all of the ring ' s NH groups 
available for hydrogen bonding point in the same direction 
to allow for enhanced anion binding . Specifically , as seen in 
FIG . 12B , the amide NH groups of lle11 , Ser7 , and D - Thrg , 
as well as the guanidinium group of Arg1o , form a hydrogen 
bonding capable cavity equipped to accept and bind a 
chloride anion . This mode of interaction is similar to that of 
nisin with the pyrophosphate group of lipid II ( S . T . Hsu , E . 
Breukink , E . Tischenko , M . A . Lutters , B . de Kruijff , R . 
Kaptein , A . M . Bonvin and N . A . Nuland , Nat . Struct . Mol . 
Biol . , 2004 , 11 , 963 , the disclosures of which are incorpo 
rated herein by reference ) and , thus , it is expected that the 
binding cavity of teixobactin and its analogues ( 315 ) can 
also accommodate larger anions , including the pyrophos 
phate group of lipid II ( 305 ) and other related peptidoglycan 
precursors ( FIG . 3 ) . Consequently , in accordance with 
embodiments , the proper alignment of the functionalities 
that make - up the anion binding cavity is preserved as it is 
important for teixobactin and its analogues ' ability to bind 
bacterial cell walls and the overall antimicrobial efficacy . 
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[ 0127 ] Accordingly , in some embodiments , the impor - 
tance of the macrolactone ring ' s stereochemistry was further 
confirmed by the comparison of the antimicrobial activity of 
various teixobactin ' s homologues with different depsipep 
tide stereochemistries . To this end , the diastereomer L - Thrg , 
Arg10 - teixobactin ( FIG . 13 ) and D - allo - Ile 11 , Arg1o - teixo 
bactin ( FIG . 14 ) were prepared according to some 
embodiments of the invention and compared to Argo 
teixobactin . The former proved inactive ( MIC > 32 ug / mL ) 
against the Gram - positive bacteria , while the latter proved 
half as active ( Table 1 ) . In addition , an acyclic homologue 
seco - Arg10 - teixobactin ( FIG . 15 ) was also prepared accord 
ing to one embodiment of the invention , and also proved 
inactive ( MIC > 32 ug / mL , Table 1 ) , further supporting the 
importance of the cyclic peptide structure . Collectively , 
these results suggest that the ring stereochemistry and con 
formation are important for the antibacterial activity of the 
teixobactin - based compounds . 
[ 0128 ] Interestingly , ent - Arg1o - teixobactin analogue ( FIG . 
16 ) prepared according to one embodiment , in which the 
stereochemistry of all of the ring residues is exactly the 
opposite of the native teixobactin ' s ring , yet the relative 
stereochemistry within the ring ( i . e . relative alignment of the 
carbonyl and amide groups ) is preserved , exhibits compa 
rable activity to Arg1o - teixobactin . This exciting finding 
further supports the nisin - lipid II antibacterial mechanism 
for teixobactin derivatives . 
10129 ] . In addition , according to some embodiments stem 
ming from the crystal structure shown in FIG . 12 , the 
hydrogen bonding of the peptide ring to the chloride anion 
further suggests the possibility of increasing the activity of 
teixobactin homologues by strengthening the complexation 
with the pyrophosphate group of lipid II . To explore this 
idea , D - Thr , was mutated to D - diaminopropionic acid 
( D - Dap ) to produce D - Daps , Argio - teixobactin according to 
some embodiments ( FIG . 17 ) . The mutation of D - Thrg to 
D - Dap replaces the lactone oxygen atom with a hydrogen 
bond capable amide NH group ; however , this mutation also 
loses the threonine methyl group . The resulting homologue , 
shows comparable activity to Arg1o - teixobactin ( Table 2 ) . 
However , the direct comparison of these two homologues is 
hampered , because two factors are changed at one time in 
making this mutation . A reasonable interpretation of this 
observation is that enhanced activity from replacing the 
lactone oxygen atom with an H - binding NH group is offset 
by the increased conformational flexibility of the ring asso 
ciated with removal of the D - Thr , methyl group . 
0130 ] In sum , according to many embodiments of the 
invention , as supported by the X - ray crystal structure studies 
of a teixobactin homologue , the relative stereochemistry and 
cyclicity of the teixobactin ' s depsipeptide is preserved yield 
ing antibacterial properties . In addition , a substitution of the 
macrolactone ' s ester with an amide linkage is shown to 
increase peptide ’ s anion - binding ability and enhance anti 
bacterial properties in various embodiments . 

in FIG . 12A , the side chains of Ala , and Ile 1 , as well as the 
methyl group of D - Thrg , point outward from the cyclic 
depsipeptide ring , while the side chains of lleg and Ile are , 
notably , in loose contact , suggesting a hydrophobic interac 
tion ( FIG . 12C ) . Furthermore , the methyl group of D - Thr , 
sits near the Ile , and Ile11 side chains , creating a hydropho 
bic patch . 
[ 0132 ] In addition , to explore the roles of the hydrophobic 
residues at positions 6 , 9 , and 11 , each of these residues were 
mutated to lysine to produce Lys Arg1o - teixobactin ( FIG . 
18 ) , Lys , Arg1o - teixobactin ( FIG . 19 ) , and Arg?oLys11 - teixo 
bactin ( FIG . 20 ) according to embodiments of the invention , 
and their antimicrobial activity compared to that of Arg10 
teixobactin homologue ( Table 2 ) . Remarkably , the mutation 
of either Ileg or Ile u to lysine results in loss of activity , while 
mutation of Ala , to lysine does not ( Table 2 ) . This data 
suggests , according to the embodiments of the invention , 
that the hydrophobicity of Ile , and Ile is important for 
teixobactin activity , while that of Ala , is not . 
10133 ] To further confirm the role of hydrophobicity at 
positions 6 and 11 and the contact between the Ile and Ilell 
side chains , both residues were mutated to cyclohexylgly 
cine ( Chg ) to produce Chg , Arg 0 , Chg - teixobactin ( FIG . 
21 ) according to embodiments of the invention . Cyclohex 
ylglycine may be thought of as a homologue of isoleucine , 
in which two carbons have been added to the sec - butyl side 
chain to form a cyclohexane ring . The resulting homologue 
has slightly greater activity than Arg1o - teixobactin , with 
three of the four measured MIC values in the Gram - positive 
bacteria lower by a factor of two ( Table 2 ) . This finding 
further confirms that , according to many embodiments , the 
hydrophobicity or hydrophobic contact at positions 6 and 11 
is important for the antibacterial properties of teixobactin 
and its analogues . 

Example 5 : Role of Residue A9 
[ 0134 ] In some embodiments of the invention position 9 of 
teixobactin ' s analogues is entirely available for modifica 
tions and functionalization as needed to enhance overall 
compound properties , including ( but not limited to ) solubil 
ity . The availability of position 9 for substitutions and design 
flexibility was confirmed by both the X - ray crystal structure 
analysis of teixobactin ' s analogue and mutation studies 
according to embodiments . 
[ 0135 ] As such , the outward pointing geometry of the Ala , 
side chain ( FIG . 12 ) , coupled with the proven activity of 
Lys , , Arg1o - teixobactin ( Table 2 ) , suggest that position 9 
allows functionalization to provide new , completely unnatu 
ral , modified homologous of teixobactin that are also active 
against bacteria . Therefore , a great number of options are 
potentially available for the design of new or improved 
teixobactin - based antibiotics , including antibiotics with 
additional useful features . In some embodiments of the 
invention , teixobactin - derived compounds can simultane 
ously serve to both treat and study their interactions with the 
bacterial infections . For example , analogues of Lysio - teixo 
bactin in which Ala , has been replaced with amino acids 
bearing coumarin and biotin groups connected by PEG 
linkers have been prepared according to some embodiments 
of the invention : Lys ( Mca ) , , Lys o - teixobactin ( FIG . 22 ) and 
Glu ( PEG - Biotinyl ) , , Lys 10 - teixobactin ( FIG . 23 ) . Both ana 
logues partially retain biological activity with MIC values of 
1 - 8 micrograms / mL and 2 - 16 micrograms / mL , respectively , 
for the four species of Gram - positive bacteria ( Table 3 ) . As 

Example 4 : Hydrophobicity of Residues H6 and 
H11 

[ 0131 ] According to many embodiments of the invention , 
the hydrophobicity of the side chains in residues 6 and 11 is 
maintained in teixobactin analogues . The importance of this 
feature for teixobactin ' s antibacterial activity is supported 
by both the analysis of the crystal structure shown in FIG . 
12 and MIC studies reported in Table 2 . Specifically , as seen 
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such , these derivatives should be useful as probes for 
studying the interaction of teixobactin homologues with 
bacteria by means of fluorescence microscopy and FACS . 
[ 0136 ] In addition , according to many embodiments of the 
invention , teixobactin homologues can be functionalized at 
position 9 to improve solubility for easier or more efficient 
drug administration . For example , Arg 10 - teixobactin has the 
propensity to form a gel at concentrations as low as 5 
mg / mL . This poor solubility will hamper the ability of 
Arg 10 - teixobactin or any other teixobactin derivative to be 
used as a drug because it will impede intravenous adminis 
tration . Therefore , according to some embodiments of the 
invention , the drug solubility and gelation behavior can be 
improved via modification of the sites within teixobactin ( or 
its analogue ) known to tolerate modifications without loss of 
activity , such as , for example , described here positions 9 
and / or 10 . More specifically , in some embodiments of the 
invention the water solubility of teixobactin analogues can 
be improved by functionalization of position 9 with poly 
ethylene glycol ( PEG ) derivatives . In one embodiment , Ala , 
is replaced with a PEG - containing amino acid , such as 
Gln ( PEG6OMe ) , the derivative of Glu , in which the side 
chain has been coupled to H _ NCH CH ( OCH _ CH _ ) , OMe . 

Example 6 : Serine at Position 7 
[ 0137 ] In many embodiments of the invention , serine 
residue at position 7 is preserved in teixobactin analogues . 
The importance of hydrogen bond - able serine at position 7 
is confirmed by both the X - ray crystal structure analysis and 
mutation studies . As such , the crystal structure analysis of a 
teixobactin analogue , first , revealed that the amide group of 
Ala , hydrogen bonds to the oxygen atom of the hydroxyl 
group of Ser7 . Next , the importance of preserving the serine 
residue at position 7 was explored with the help of the serine 
to alanine mutant Ala , Argo - teixobactin ( FIG . 24 ) , pre 
pared according to one embodiment of the invention . The 
resulting homologue showed greatly diminished activity 
( Table 2 ) , confirming the importance of serine residue at 
position 7 for the antibacterial properties of teixobactin and 
its analogues according to embodiments of the invention . 
[ 0138 ] In addition , in some embodiments of the invention , 
the solubility of teixobactin analogues can be enhanced via 
a prodrug strategy involving Ser , . According to such 
embodiments , prior to administration of the treatment , Ser , 
( and / or Serz ) are esterified with solubility - enhancing amino 
acids or dipeptides . In some such embodiments , the resulting 
Ser - O - AA - NH3 + or Ser - O - AA - AA - NH3 + derivatives 
( where AA is an amino acid residue ) will have enhanced 
solubility and , once in the bloodstream , will convert to the 
parent teixobactin derivative without forming a gel . 

were then introduced by standard Fmoc - based SPPS using 
HCTU as the coupling reagent . D - Thr , was introduced 
without a protecting group at the hydroxy position . No 
O - acylation of D - Thr , was observed in the subsequent 
rounds of SPPS . D - Thr , was then O - acylated with Fmoc 
Ile - OH using DIC and DMAP . Fmoc - deprotection , followed 
by cleavage from the resin with 20 % hexafluoroisopropanol 
( HFIP ) in CH , C1 , afforded the linear precursor . Macro 
lactamization with HBTU and HOBt , followed by global 
deprotection with trifluoroacetic acid ( TFA ) and RP - HPLC 
purification afforded Arge - teixobactin . A series of homo 
logues were also prepared using similar procedures . The 
details of the Argo - teixobactin synthesis are described in 
the subsequent paragraphs . 
[ 0141 ] Resin Loading . 
[ 0142 ] 2 - Chlorotrityl chloride resin ( 300 mg , 1 . 2 mmol / g ) 
was added to a 10 mL Bio - Rad Poly - Prep chromatography 
column . The resin was suspended in dry CH2Cl2 ( 10 mL ) 
and allowed to swell for 30 min . The resin was loaded with 
a solution of Fmoc - Arg ( Pbf ) - OH ( 117 mg , 0 . 18 mmol , 0 . 50 
equiv ) and 2 , 4 , 6 - collidine ( 300 UL ) in dry CH , C1 , ( 5 mL ) . 
The suspension was agitated for 12 h . The solution was 
drained , and the resin was washed with dry CH , C1 , ( 3x ) . A 
mixture of CH2C1 _ / MeOH / DIPEA ( 17 : 2 : 1 , 8 mL ) was added 
to the resin and agitated for 1 h to cap any unreacted resin 
sites . The solution was drained , and the resin was washed 
with dry CH , C1 , ( 3x ) . The resin loading was determined to 
be 0 . 09 mmol [ 0 . 29 mmol / g , 48 % loading ] through UV 
analysis of the Fmoc cleavage product . 
[ 0143 ] Peptide Coupling . 
[ 0144 ] The loaded resin was suspended in dry DMF and 
transferred to a solid - phase peptide synthesis reaction vessel 
for automated peptide coupling with Fmoc - protected amino 
acid building blocks . The linear peptide was synthesized 
through the following cycles : i . Fmoc deprotection with 
20 % ( v / v ) piperidine in dry DMF ( 3 mL ) for 10 min , ii . resin 
washing with dry DMF ( 3x ) , iii . coupling of amino acid 
( 0 . 36 mmol , 4 equiv ) with HCTU ( 142 mg , 0 . 36 mmol , 4 
equiv ) in 20 % ( v / v ) 2 , 4 , 6 - collidine in dry DMF ( 3 mL ) for 
20 min , and iv . resin washing with dry DMF ( 6x ) . For 
D - to - L and L - to - D amino acid couplings , the reaction time 
in step iii was increased to 1 h . After completing the linear 
synthesis , the resin was transferred to a 10 mL Bio - Rad 
Poly - Prep chromatography column . The resin was then 
washed with dry DMF ( 3x ) and dry CH C12 ( 3x ) . 
[ 0145 ] Esterification . 
[ 0146 ] In a test tube , Fmoc - Ile - OH ( 303 mg , 0 . 90 mmol , 
10 equiv ) and diisopropylcarbodiimide ( 140 °L , 0 . 90 mmol , 
10 equiv ) were dissolved in dry CH , C1 , ( 5 mL ) . The 
resulting solution was filtered through 0 . 20 um nylon filter , 
and then 4 - dimethylaminopyridine ( 11 mg , 0 . 09 mmol , 1 
equiv ) was added to the filtrate . The resulting solution was 
transferred to the resin and was gently agitated for 1 h . The 
solution was drained and the resin was washed with dry 
CH , C1 , ( 3x ) and DMF ( 3x ) . 
[ 0147 ] Fmoc Deprotection and Cleavage of the Linear 
from the Resin . 
[ 0148 ] The Fmoc protecting group on Ilell was removed 
by adding 20 % piperidine in dry DMF ( 5 mL ) for 30 min . 
The solution was drained , and the resin was washed with dry 
DMF ( 3x ) and then with dry CH C12 ( 3x ) . To cleave the 
peptide , the resin was treated with 20 % hexafluoroisopro 
panol in dry CH , C1 , ( 6 mL ) followed by gentle agitation for 

h . The filtrate was collected in a round - bottomed flask . The 

Example 7 : Synthesis of Arg 10 - Teixobactin and 
Other Homologues 

[ 0139 ] In many embodiments , Arg1o - teixobactin and other 
homologues were synthesized by SPPS on 2 - chlorotrityl 
chloride resin , followed by solution - phase macrolactamiza 
tion to form the Arg10 - Ile 1 amide bond ( FIG . 25 ) . Fmoc 
protecting groups were used to construct all of the amide 
bonds and carried D - Thr , through the entire synthesis with 
out side chain protection . All homologues were prepared and 
studied as the trifluoroacetic acid ( TFA ) salts . 
[ 0140 ] The synthesis began by attaching Fmoc - Arg ( Pbf ) 
OH to 2 - chlorotrityl chloride resin . Residues 9 through 1 1 
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TABLE 4 - continued 
YIELD OF TEIXOBACTIN HOMOLOGUES 

calcd . MW as 
TFA salt Homologue yield ( mg ) % yield 

short - Arg1o - teixobactin 
lipobactin 1 

9 . 7 mg 
12 . 1 mg 

12 . 4 % 
14 . 1 % 

869 . 81 ( •2 TFA ) 
956 . 10 ( •1 TFA ) 

DOCTRINE OF EQUIVALENTS 
[ 0156 ] This description of the invention has been pre 
sented for the purposes of illustration and description . It is 
not intended to be exhaustive or to limit the invention to the 
precise form described , and many modifications and varia 
tions are possible in light of the teaching above . The 
embodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
applications . This description will enable others skilled in 
the art to best utilize and practice the invention in various 
embodiments and with various modifications as are suited to 
a particular use . The scope of the invention is defined by the 
following claims . 

1 . Antimicrobial compound comprising 
a teixobactin homologue as set forth by : 

resin was washed with a second aliquot of 20 % hexafluor 
oisopropanol ( 6 mL ) and then washed with dry CH C12 ( 3x ) . 
The filtrates were combined and concentrated under reduced 
pressure to afford a clear oil . The oil was placed under 
vacuum ( < 10 m Torr ) to remove any residual solvents . 
[ 0149 ] Cyclization . 
10150 ] The oil was dissolved in a mixture of CH CN / THF / 
CH2C12 ( 6 : 2 : 2 , 10 mL ) . HBTU ( 195 mg , 0 . 54 mmol , 6 
equiv ) and HOBt ( 70 mg , 0 . 54 mmol , 6 equiv ) were added 
to solution . The reaction mixture was stirred under nitrogen 
for 30 min . DIPEA ( 94 uL , 0 . 54 mmol , 6 equiv ) was slowly 
added to the solution and the reaction mixture was stirred for 
2 h . The mixture was concentrated under reduced pressure to 
afford the cyclized peptide as a white solid . The solid was 
placed under vacuum ( < 10 m Torr ) to remove any residual 
solvents . 
[ 0151 ] Global Deprotection and Purification of Arg10 
Teixobactin . 
[ 0152 ] The crude protected peptide was dissolved in a 
mixture of trifluoroacetic acid ( TFA ) / triisopropylsilane / H , O 
( 90 : 5 : 5 , 10 mL ) and stirred under nitrogen for 1 h . The 
resulting solution was then concentrated under reduced 
pressure to afford the deprotected peptide as a clear yellow 
oil . The oil was dissolved in 20 % ( v / v ) CH2CN in water ( 5 
mL ) and centrifuged at 14 , 000 rpm for 5 min , and the 
solution was filtered through 0 . 20 um nylon filter . The 
peptide was purified by reverse - phase HPLC with H , O / 
CH , CN ( gradient elution of 20 - 50 % CHCN w / 0 . 1 % TFA ) . 
Pure fractions analyzed by analytical HPLC and electro 
spray ionization ( ESI ) mass spectrometry were combined 
and lyophilized . Arg1o - teixobactin was isolated as the trif 
luoroacetic acid ( TFA ) salt of a 14 . 2 mg white powder 
( 11 . 6 % yield based on resin loading ) . 
[ 0153 ] Esterification with DIC and DMAP is known to 
epimerize amino acids . IH NMR analysis of the unpurified 
Arg1o - teixobactin , and comparison to an authentic sample of 
D - allo - Ile 1 , Arg 10 - teixobactin , showed approximately 33 % 
epimerization . HPLC purification of the crude product 
afforded Arg1o - teixobactin in approximately 95 % diastereo 
meric purity . 
[ 0154 ] The other teixobactin homologues were prepared 
using similar procedures . All teixobactin homologues were 
estimated to be at least 90 % purity based on RP - HPLC and 
1H NMR analysis , with the exception of ent - Arg10 - teixo 
bactin , which showed a 16 mol % impurity in the 1H NMR 
spectrum . This impurity is suspected to arise from a stereoi 
someric impurity at the L - allo - Ile5 position , which could 
result from stereoisomeric impurity in the Fmoc - L - allo - Ile 
OH that was used in the synthesis . 
[ 0155 ] Yields of the various teixobactin homologues , in 
accordance with embodiments , are provided in Table 4 , 
below . 

N 

HN 

NH 

HN 

1r To 

TABLE 4 

wherein position 10 is comprised of a natural or unnatural 
amino acid comprising a functionality selected from the 
group consisting of : guanidinium , imidazoles , amines , 
alcohols , other hydrogen bonding - capable groups , 
hydrogen , hydrophilic or hydrophobic groups , and any 
derivatives or analogues thereof ; 

wherein position 1 is comprised of at least one of the 
following species selected from the group consisting 
of : a sequence of at least one natural or unnatural amino 
acid containing at least one hydrophobic side chain , 
and a hydrocarbon ; 

wherein the peptide ring has a stereochemistry that is 
configured such that the amide groups are aligned in a 
first direction , and such that the carbonyl groups of the 
peptide ring are aligned in a second direction opposite 
that of the first direction , and wherein the linkage X 
between position 8 and 11 is one of either an ester or 
an amide ; 

wherein positions 6 and 11 are comprised of either the 
same or different natural or unnatural amino acids , said 
amino acids each having a hydrophobic side chain ; 

YIELD OF TEIXOBACTIN HOMOLOGUES 

calcd . MW as 
TFA salt Homologue yield ( mg ) % yield 

Arg1o - teixobactin 
Lys10 - teixobactin 
L - Thrz , Arg 10 - teixobactin 
D - allo - Ile 11 , Arg10 - teixobactin 
seco - Argio - teixobactin 
ent - Argio - teixobactin 

14 . 2 mg 
14 . 2 mg 
4 . 7 mg 

13 . 2 mg 
13 . 2 mg 
11 . 5 mg 

10 . 7 % 
10 . 9 % 
3 . 6 % 

10 . 0 % 
9 . 8 % 
8 . 7 % 

1472 . 54 ( 62 TFA ) 
1444 . 53 ( •2 TFA ) 
1472 . 54 ( 2 TFA ) 
1472 . 54 ( •2 TFA ) 
1490 . 56 ( 2 TFA ) 
1472 . 54 ( . 2 TFA ) 
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11 . A biological probe comprising : 
a teixobactin homologue as set forth by : 

HN 

0xNH NH 0 1 

HN 

wherein position 9 is comprised of any natural or unnatu 
ral amino acid ; and 

wherein position 7 is comprised of serine or another 
natural or unnatural amino acids , said amino acid 
having a side chain hydroxyl group . 

2 . The antimicrobial compound of claim 1 , wherein 
position 10 amino acid is selected from the group of : 
allo - enduracididine , arginine , lysine , ornithine , 2 , 3 - di 
aminopropionic acid , and histidine . 

3 . The antimicrobial compound of claim 1 , wherein the 
teixobactin homologue is selected from the group of : Lys10 
teixobactin , Dap 10 - teixobactin , and Orn1o - teixobactin . 

4 . The antimicrobial compound of claim 1 , wherein 
position 1 is selected from the group of : N - Me - D - Phe , - Ilez 
Serz - D - Gln4 - D - allo - Iles , N - Me - D - Phe , - Ilez - Alaz - D - Gln - 
D - allo - Iles , N - Me - D - Phe , - Ilez - Serz - D - Ala - D - allo - Iles , 
N - Me - D - Phe , - Ilez - Serz - D - Gln4 - D - Alas , N - Propyl - D - Phe , 
Ilez - Serz - D - Gln4 - D - allo - Iles , N - Me - D - Phe , - Ala - Serz - D 
Gln - D - allo - Iles , A1 - 4 - Iles , N - Me - D - Ala , - Ilez - Serz - D - Gln - 
D - allo - Iles , L - 5F - Phe , - Ilez - Serz - D - Gln4 - D - allo - Iles , 
L - Phe , - Ilez - Serz - D - Gln4 - D - allo - Iles , 6 to 20 carbon long 
linear , cyclic , or branched alkyl , dodecanoyl , n - C16H31 
noyl , and a PEG - derived group . 

5 . The antimicrobial compound of claim 1 , wherein the 
teixobactin homologue is one of : Alaz , Lys1o - teixobactin , 
41 - 5 - C12H23 - Arg1o - teixobactin , 41 - 6 - C12H23 - Arg1o - teixo 
bactin , 41 - 5 - C16H31 - Arg 10 - teixobactin , 41 - 5 - C12H23 - Lysg , 
Arg 10 , D - Ala4 , Lys 10 - teixobactin , D - Alas , Lys10 - teixobactin , 
N - Propyl - Phe1 , Lys 10 - teixobactin , N - Me - D - Ala , , Lys10 
teixobactin , L - 5F - Phe Lysio - teixobactin , L - Phe Lysio 
teixobactin , A1 - 7 - Arg1o - teixobactin , ent - Arg1o - teixobactin , 
D - Dapg , Arg1o - teixobactin D - Dap , Lys10 - teixobactin , and , 
D - allo - Ile 1 , Arg1o - teixobactin . 

6 . The antimicrobial compound of claim 1 , wherein one or 
both of positions 6 and 11 are selected from the group of : 
isoleucine and cyclohexylglycine . 

7 . The antimicrobial compound of claim 1 , wherein the 
compound is one of : Chg . , Arg10 , Chg 11 - teixobactin , Lys 10 , 
Phet - teixobactin , Lys10 , Vali - teixobactin , Lys10Leuu 
teixobactin . 

8 . The antimicrobial compound of claim 1 , wherein 
position 9 is selected from the group consisting of : alanine , 
an amino acid functionalized with a polyethylene glycol 
( PEG ) derivative , Gln ( PEG OMe ) , Lys ( Mca ) , , Lys10 , an 
amino acid functionalized with biotin , an amino acid func 
tionalized with a PEG derivative and biotin , Glu ( PEG 
Biotinyl ) g . 

9 . The antimicrobial compound of claim 1 , wherein the 
compound is one of : Lys , , Lys10 - teixobactin , Lys , , Argio 
teixobactin , Lys ( Mca ) , , Lys10 - teixobactin , Glu ( PEG - Bioti 
nyl ) , , Lys1o - teixobactin , Lys , , Lys10 , Lys11 - teixobactin , Ileg , 
Arg1o - teixobactin . 

10 . The antimicrobial compound of claim 1 wherein the 
hydrophobic compound at position 1 is a hydrocarbon . 

wherein position 10 is comprised of a natural or unnatural 
amino acid comprising a functionality selected from the 
group consisting of : guanidinium , imidazoles , amines , 
alcohols , other hydrogen bonding - capable groups , 
hydrogen , hydrophilic or hydrophobic groups , and any 
derivatives or analogues thereof ; 

wherein position 1 is comprised of at least one of the 
following species selected from the group consisting of 
a sequence of at least one natural or unnatural amino 
acid comprising at least one hydrophobic side chain , a 
hydrocarbon ; 

wherein the peptide ring has a stereochemistry that is 
configured such that the amide groups are aligned in a 
first direction , and such that the carbonyl groups of the 
peptide ring are aligned in a second direction opposite 
that of the first direction , and wherein the linkage X 
between position 8 and 11 is one of either an ester or 
an amide ; 

wherein positions 6 and 11 are comprised of either the 
same or different natural or unnatural amino acids , said 
amino acids each having a hydrophobic side chain ; 

wherein position 9 is comprised of any natural or unnatu 
ral amino acid having a biological marker or probe 
attached thereto ; and 

wherein position 7 is comprised of serine or another 
natural or unnatural amino acids , said amino acid 
having a side chain hydroxyl group . 

12 . A prodrug comprising : 
a teixobactin homologue as set forth by : 

N 

HN 

NH 
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wherein position 10 is comprised of a natural or unnatural 
amino acid comprising a functionality selected from the 
group consisting of : guanidinium , imidazoles , amines , 
alcohols , other hydrogen bonding - capable groups , 
hydrogen , hydrophilic or hydrophobic groups , and any 
derivatives or analogues thereof ; 

wherein position 1 is comprised of at least one of the 
following species selected from the group consisting of 
a sequence of at least one natural or unnatural amino 
acid comprising at least one hydrophobic side chain , a 
hydrocarbon ; 

wherein the peptide ring has a stereochemistry that is 
configured such that the amide groups are aligned in a 
first direction , and such that the carbonyl groups of the 
peptide ring are aligned in a second direction opposite 
that of the first direction , and wherein the linkage X 
between position 8 and 11 is one of either an ester or 
an amide ; 

wherein positions 6 and 11 are comprised of either the 
same or different natural or unnatural amino acids , said 
amino acids each having a hydrophobic side chain ; 

wherein position 9 is comprised of any natural or unnatu 
ral amino acid ; and 

wherein position 7 is comprised of an esterified serine or 
another natural or unnatural amino acids , said amino 
acid having a side chain hydroxyl group , having a 
solubilizing functionality attached thereto . 

13 . The prodrug of claim 12 , wherein the esterified serine 
is one of either : Ser - O - ( PEG derivative ) and Ser - O - ( amino 
acid ) , , - NH2 + 

14 . A method of treating a microbial infection comprising : 
administering a therapeutically effective amount of a 

teixobactin homologue to a patient having an microbial 
infection ; 

wherein the teixobactin homologue is set forth by : 

wherein position 1 is comprised of at least one of the 
following species selected from the group consisting of 
a sequence of at least one natural or unnatural amino 
acid comprising at least one hydrophobic side chain , a 
hydrocarbon ; 

wherein the peptide ring has a stereochemistry that is 
configured such that the amide groups are aligned in a 
first direction , and such that the carbonyl groups of the 
peptide ring are aligned in a second direction opposite 
that of the first direction , and wherein the linkage X 
between position 8 and 11 is one of either an ester or 
an amide ; 

wherein positions 6 and 11 are comprised of either the 
same or different natural or unnatural amino acids , said 
amino acids each having a hydrophobic side chain ; 

wherein position 9 is comprised of any natural or unnatu 
ral amino acid ; and 

wherein position 7 is comprised of serine or another 
natural or unnatural amino acids , said amino acid 
having a side chain hydroxyl group . 

15 . An antimicrobial medicinal compound comprising : 
a therapeutically effective amount of a teixobactin homo 

logue set forth by : 

ZH N 0LNH 

HN 

ZT HN 

ONH 

HN 

wherein position 10 is comprised of a natural or unnatural 
amino acid comprising a functionality selected from the 
group consisting of : guanidinium , imidazoles , amines , 
alcohols , other hydrogen bonding - capable groups , 
hydrogen , hydrophilic or hydrophobic groups , and any 
derivatives or analogues thereof ; 

wherein position 1 is comprised of at least one of the 
following species selected from the group consisting of 
a sequence of at least one natural or unnatural amino 
acid comprising at least one hydrophobic side chain , a 
hydrocarbon ; 

wherein the peptide ring has a stereochemistry that is 
configured such that the amide groups are aligned in a 
first direction , and such that the carbonyl groups of the 
peptide ring are aligned in a second direction opposite 
that of the first direction , and wherein the linkage X 
between position 8 and 11 is one of either an ester or 
an amide ; 

wherein positions 6 and 11 are comprised of either the 
same or different natural or unnatural amino acids , said 
amino acids each having a hydrophobic side chain ; 

wherein position 10 is comprised of a natural or unnatural 
amino acid comprising a functionality selected from the 
group consisting of : guanidinium , imidazoles , amines , 
alcohols , other hydrogen bonding - capable groups , 
hydrogen , hydrophilic or hydrophobic groups , and any 
derivatives or analogues thereof ; 
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wherein position 9 is comprised of any natural or unnatu 
ral amino acid ; and 

wherein position 7 is comprised of serine or another 
natural or unnatural amino acids , said amino acid 
having a side chain hydroxyl group . 

* * * * 


